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Abstract: Precipitation, a natural feature of weather systems in the Earth, is vitally important for the 
environment of any region. Under global climate change condition, the characteristics of precipitation 
have changed as a consequence of enhanced global hydrological cycle. The source region of the Yellow 
River (SRYR), locating within the Qinghai-Tibet Plateau, is sensitive to the global climate change due to its 
complex orography and fragile ecosystem. To understand the precipitation characteristics and its impacts 
on the environment in the region, we studied the characteristics of rainy days and precipitation amount of 
different precipitation classes, such as light (0—5 and 5-10 mm), moderate (10-15, 15—20 and 20-25 mm) 
and heavy (225 mm) rains by analyzing the precipitation data of typical meteorological stations in the 
SRYR during the period 1961—2014, as well as the trends of persistent rainfall events and drought events. 
Results showed that annual average precipitation in this area had a non-significant (P>0.05) increasing 
trend, and 82.5% of the precipitation occurred from May to September. Rainy days of the 0-5 mm 
precipitation class significantly decreased, whereas the rainy days of 5-10, 10-15, and 20-25 mm 
precipitation classes increased and that of 225 mm precipitation class decreased insignificantly. The 
persistent rainfall events of 1- or 2-day and more than 2-day showed an increasing trend, with the 1- or 
2-day events being more frequent. Meanwhile, the number of short drought periods (<10 days) increased 
while long drought periods (>10 days) decreased. Since the 0—5 mm precipitation class had a huge impact 
on the grasslands productivity; the 5—10, 10—15, and 20-25 mm precipitation classes had positive effects 
on vegetation which rely on the deep soil water through moving nutrients and water into the root zone of 
these vegetation or through the plant-microbe interactions; the 225 mm precipitation class contributed to 
the floods; and more persistent rainfall events and fewer long drought events inferred positive effects on 
agriculture. Thus, these results indicate grassland degradation, less risk of floods, and the upgrading 
impact of climate change on agriculture. This study may provide scientific knowledge for policymakers to 
sustain the eco-environmental resources in the SYSR. 
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1 Introduction 


Understanding of climate, variation of precipitation in space, time, amounts and duration, and 
their associated effects on the hydrological and ecosystem processes are vital in arid and 
semi-arid regions. Vegetation productivity in these regions is primarily limited by the availability 
of adequate rainfall and small variation in rainfall can have effects on the vegetation productivity 
and the entire ecosystem (Lazaro et al., 2001; Kwarteng et al., 2009). Rainfall was classified as 
light, moderate, and heavy classes according to its rainfall amount, and the origin of the three 
rainfall types is different. For light rainfall, precipitation comes from column water vapor or from 
evaporation. While, for moderate or heavy rainfall, precipitation comes from moisture 
convergence by storm-scale circulation (Trenberth, 2011). The variation of the rainfall results in 
different responses to the soil. Light rainfall can only moisture the surface soil and benefit the 
growth of grasses, while stable moderate precipitation permeates into the soil and is favorable for 
plants with deep roots. In contrast, heavy rainfall may result in local runoff and flooding but with 
the much drier soil at the end of the day (Trenberth, 2011). Characterized by the rising of air 
temperature, the global climate change alters the global hydrological cycle. As a vital part of the 
hydrological cycle, the intensity, frequency, and amount of precipitation are subject to the 
variations associated with the climate change (Pal and Al-Tabbaa, 2011). Even with the same 
precipitation amount, the frequencies and intensities of precipitation can be different (Trenberth, 
2011). Consequently, the environment and society can be affected by the variations in 
precipitation characteristics (Gajbhiye et al., 2016). Thus, it is important to study the variations of 
precipitation in the context of climate change. 

The source region of the Yellow River (SRYR) distributed within the Qinghai-Tibet Plateau, 
the largest and highest plateau in the world, where the mean temperature has raised by 
0.3°C/decade since 1950s, being three times as that of the global average (Qiu, 2008; Piao et al., 
2011). The SRYR is surrounded by mountains in the north and south and by highlands in the west, 
and its elevation decreases from 6253 m in the west to 2666 m in the east (Zhou et al., 2005). The 
climate of the SRYR is hostile and harsh with the annual mean temperature ranging from —4°C to 
2°C and the precipitation ranging from 200 to 800 mm from the northwest to the southeast (Hu et 
al., 2011, 2012). The areas in high altitude are dominated by dry cold and wet warm climate and 
its vegetation is distinct and vulnerable. The SRYR is sensitive to global climate change due to 
the complex orography and fragile ecosystem (Beniston et al., 1997; Beniston, 2003; Hu et al., 
2011). 

Changes in the environment including glaciers retreat, decreases in lakes, wetlands and river 
flows, permafrost melting, hill slope instability, vegetation degradation, acceleration of 
desertification, salinization soil, and declination of grassland productivity were observed in the 
SRYR (Brierley et al., 2016). Most of these changes are affected by precipitation characteristics. 
However, few literatures studied the impacts of monthly, seasonal, and annual precipitation 
amounts in the SRYR (Lan et al., 2010; Hu et al., 2012; Li et al., 2016; Meng et al., 2016). 
Moreover, precipitation during a limited period is not enough to reflect the effect of precipitation 
on hydrology and ecosystems, because the hydrological and ecosystem processes are mainly 
affected by the rainy days of specific intensity of precipitation such as light, moderate, heavy 
precipitation (Nandargi and Mulye, 2012). Thus this study aims to investigate the impact of 
precipitation characteristics on ecosystem in the SRYR during the period 1961-2014 based on 
different precipitation classes (light, moderate, and heavy rains) and the rainy days of each 
precipitation class. 


2 Materials and methods 


2.1 Study area 

The SRYR situated in the northeast of Qinghai-Tibet Plateau (32°12'—35°48’N, 95°50'—-103°28’E; 
Fig. 1). The area of the SRYR is 121,972 km? and occupies 15% of the whole Yellow River Basin. 
Climatically, the SRYR is semi-humid and dry. Mean annual sunshine duration is 3028 h and the 
average annual precipitation is about 530 mm. The potential evaporation ranges from 800 to 1200 
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mm. 

The SRYR is occupied by glaciers, rivers, lakes/wetlands, and vegetation. The vegetation types 
are cold-tolerant perennial plants, which is majorly comprised by forest (needle leaf and broadleaf 
mixed forest, coniferous forest, and broadleaf forest) and grassland (typical alpine swamp, steppe, 
and shrub meadows). Forests cover about 11.4% of total land area, whereas above 80.0% area is 
covered by grassland, and grassland is the primary ecosystem type of the region (Li et al., 2013). 
Grasslands have degraded by the effect of climate warming and overgrazing (Zhou et al., 2005; Li 
et al., 2013). Wetlands including lakes, alpine meadow wetlands and peat lands account for about 
8.2% (i.e., 2000 km?) and glaciers occupies only about 0.11% (i.e., 134 km?) of the area. 
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Fig. 1 Location of the source region of the Yellow River (SRYR) and 11 meteorological stations selected in the 
study. The bar graph shows the distribution of monthly precipitation for each station during the period 
1961-2014. 


2.2 Data and methodology 


Daily precipitation data of 11 meteorological stations, i.e., Madoi, Qingshuihe, Qumaléb, Jigzhi, 
Dari, Maqu, Henan, Hongyuan, Xinghai and Zoigé (Fig. 1), were collected from the China 
Meteorological Administration. Except Maqu station where the records were available from 1967, 
for the rest of stations, precipitation data during the period 1961-2014 were selected. The missing 
data are less than 0.0009%, and these missing data of a station were filled by developing simple 
linear correlation with its nearby stations. In detail, the station with missing data was regarded as 
dependent station, and its neighboring station (without missing values) as independent stations. 
Data of dependent station was named by y, and data of independent station by x. Linear regression 
equation (y=ax+b) was derived using the data of dependent and independent stations over the 
same period. The neighboring station that has the highest correlation for the two time series 
between x and y was selected, and the related linear regression equation was applied to estimate 
the missing values of the dependent station (Wang et al., 2017a). Second, annual total 
precipitation time series of all station were developed from the daily precipitation time series and 
inspected for homogeneities by double mass curve method (Buishand, 1982; Yuan et al., 2015) to 
ensure if there is a clear signs of transfer of the stations and alteration of observational practices 
or instrumentation. Double mass curves for all the stations revealed almost straight lines and no 
apparent breakpoints were found in the time series, which confirms that all deployed datasets are 
reliable. Such results are also confirmed by previous studies in the SRYR (Hu et al., 2012; Iqbal 
et al., 2018). 
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Thiessen (1911) polygon method can get more accurate results than those obtained by the 
simple arithmetic average by the use of weighting factors when the areal distribution of station in 
the catchment is uneven. This method has been widely used to estimate the areal average from 
observation data for hydrological and meteorological variables (Yuan et al., 2015; Shi et al., 
2016), and its detail is well documented in Thiessen (1911) and Brassel and Reif (1979). The 
areal annual series of precipitation variables of the SRYR in this study were derived by using the 
Thiessen polygon method. 

Daily, monthly, seasonal, and annual precipitation data were analyzed during the period 
1961-2014. In this study, only rainfall data were regarded as precipitation, and the other types of 
precipitation such as snow, fog, frost, and dew were excluded. Precipitation size classes were 
described as light rain (0-5 and 5-10 mm), moderate rain (10-15, 15-20, and 20-25 mm), and 
heavy rain (>25 mm). Rainy days in each year and month were calculated by considering a rainy 
day having daily precipitation larger than 0.1 mm. Similar approaches have been used in previous 
studies for arid and semi-arid regions, i.e., northern China (Gong et al., 2004), Northwest China 
(Du et al., 2011) and Sultanate of Oman (Kwarteng et al., 2009). Additionally, since the 
precipitation intensity increases due to the changes in climate (Pal and Al-Tabbaa, 2011; 
Trenberth, 2011), the relationship between total precipitation amount (daily precipitation >0 mm) 
and wet days which have daily precipitation >1 mm in the SRYR was also studied in the Section 
3.5. 

The possible trend in the time series of precipitation variables in this study was revealed by 
trend rate (Shi, 1996) that represents the true slope of trend. The trend rate aı was calculated 
through simple linear regression as follows: 

y=a1X;+a0, ( 1 ) 
where x is the value of precipitation variable during the period 1961—2014, and ż ranges from 1 to 
54. Before calculating the trend rate for these precipitation variables, the extreme values in the 
time series were excluded to avoid the effect of extreme values on the trend rates. Here, the 
extreme values are the values of studied precipitation variables which are around three times of 
the standard deviation of their entire time series (Wang et al., 2017a). The significances of linear 
regression equations were tested by the test of goodness of fit. The range of R°? is from 0 to 1. The 
large value of R? indicates the significance of linear regression equation. Significances of a, were 
tested by t-test. A P-value smaller than 0.001 and 0.05 of the associated t-value indicates that the 
associated a; is significant at 99.9% and 95.0% confident levels, respectively (Wang et al., 
2017b). Positive a; indicates an increasing trend and negative a; a decreasing trend (Mavromatis and 
Stathis, 2011). 


3 Results 


3.1 Temporal and spatial variations of rainfall amount and rainy days in the SRYR 
3.1.1 Temporal variation 


Monthly precipitation in the SRYR ranged from 3.0 to 110.0 mm with an average of 44.5 mm. 
The lowest precipitation accounted for 0.5% of annual and was occurred in December, while the 
highest precipitation occurred in July and accounted for 20.5% of the annual precipitation (Figs. 
2a—c). Annual precipitation amount and rainy days of the light precipitation class (0-5 mm) were 
high (Fig. 2; Table 1) and are important to the land resources especially for the vegetation of the 
region. Average annual precipitation ranged from 431 mm in 2002 to 652 mm in 1981 during the 
period 1961—2014 with an average of 536 mm (Fig. 2a). Annual precipitation had an insignificant 
(P>0.05) increasing trend at the rate of 1.6 mm/decade. The average annual rainy days ranged 
from 160 to 243 days with an average of 205 days and had a significant (P<0.001) decreasing 
trend of 10.7 days/decade during the studied period. 
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Table 1 Contributions of each precipitation class to annual rainy days and to annual rainfall amount in the 
SRYR during the period 1961-2014 


Precipitation size class Contribution of annual rainy days Contribution of annual rainfall amount 
(mm) (%) (%) 
0-5 82.8 32.7 
5-10 10.5 28.4 
10-15 4.0 18.4 
15-20 1.5 9.7 
20-25 0.6 5.0 
>25 0.5 5.7 
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Fig. 2 Characteristics of precipitation in the SRYR. (a) annual precipitation, (b) rainy days, (c) monthly 
precipitation, and (d) frequency of different precipitation classes. Dashed lines indicate linear trends. 


The seasonal total precipitation was estimated by considering the standard months of each 
season. Winter, spring, and summer presented increasing trends, while autumn showed a 
decreasing trend. In winter, precipitation varied from 5 to 25 mm with an average of 14 mm and 
presented a non-significant (P>0.05) increasing trend at the rate of 0.82 mm/decade (Fig. 3a). In 
spring, precipitation varied from 70 to 136 mm with an average of 98 mm and exhibited a 
non-significant increasing trend of 2.68 mm/decade (Fig. 3b). Summer precipitation ranged 
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Fig. 3 Variations in seasonal precipitation in the SRYR during the period 1961-2014. Dashed lines indicate 
linear trends. 
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from 216 to 377 mm with an average of 300 mm and also presented a non-significant increasing 
trend of 1.30 mm/decade (Fig. 3c). Finally, with the average of 125 mm, precipitation in autumn 
ranged from 83 to 213 mm during the period 1961-2014, and presented a non-significant 
decreasing trend of 3.16 mm/decade (Fig. 3d). 


3.1.2 Spatial variation 


The results of spatial distribution of trends and slopes for precipitation amount and rainy days in 
the SRYR during the period 1961—2014 are shown in Figure 4. Change rates are presented beside 
the location of each station, and the significance of trend is marked and distinguished by filled 
circle which can represent different levels of significance. For precipitation amount, only 
Qumaléb and Madoi had significant trends at the 95% confidence level (P<0.05) from 1961 to 
2014, while the other stations had no significant trends. The change rates of precipitation amount 
ranged from —13.2 to 12.9 mm/decade. The positive values were distributed in the high elevation 
areas (western part of the SRYR), while negative values were observed in the low elevation areas 
(eastern part of the SRYR). The largest decreasing rate was —13.2 mm/decade (Henan station), 
while the largest increasing rate was 12.9 mm/decade (Madoi station). It infers that the trends of 
precipitation amount in the high elevation areas dominated the entire SRYR. For rainy days, all 
stations had significant decreasing trends at the 99.9% confidence level during the period 
1961-2014. The change rates of rainy days ranged from —16.0 to —7.1 days/decade. The change 
rates of rainy days were noted in the following descending order: Qingshuihe (—16.0 days/decade), 
Qumaléb (—11.6 days/decade), Maqu (—14.0 days/decade), Dari (-13.6 days/decade) and Henan 
(—12.2 days/decade). 
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Fig. 4 Spatial distribution of trends and slopes for (a) precipitation amount (mm/decade) and (b) rainy days 
(days/decade) in the SRYR during the period 1961-2014. Significances of trends at different level of P values are 
marked and distinguished by filled circles. 


3.2 Variability of rainy days in different precipitation classes 


The rainy days of light rain (0-5 and 5-10 mm) were the highest compared to those of the other 
classes with the averages of 169.3 and 21.5 days, respectively (Table 2). Rainy days for 10-15 
and 15-20 mm precipitation classes were 5—9 times over 82% and 2—4 times over 92% of the 
studied years, respectively, while rainy days for 20-25 mm precipitation classes were 1—2 times 
over 96% and 1 times over 69% of the studied years. Finally, rainy days for precipitation class 
>25 mm were zero over 6%, while for 1 times over 76% of the years (Fig. 5). Annually, rainy 
days of 0-5 and 5-10 mm rain events presented decreasing and increasing trends, respectively. 
The significant decreasing trend in the rainy days of 0-5 mm rain event was 11.3 days/decade 
(P<0.001), while decreasing trend in 5-10 mm rain events was non-significant (P>0.05) at the 
rate of 3 days/decade. 

Trends of rainy days in moderate precipitation size classes showed both non-significant 
increasing for 10-15 and 20-25 mm classes and decreasing trend for 15—20 mm class. Meanwhile, 
trends of rainy days for heavy precipitation class (>25 mm) showed non-significant and weak 
(P>0.05) decreasing trend (Fig. 5). 
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Table 2 Rainy days of different precipitation classes and their contributions to the total rainy days during the 
period 1961-2014 


Number of rainy days Contribution to the total rainy days (%) 

Precipitahon elass (HN) Minimum Maximum Mean Minimum Maximum Mean 
0-5 117.8 222.5 169.3 Ta:2 89.8 82.8 

5-10 11.9 33.8 21.5 5.7 18.0 10.5 

10-15 2.3 15.2 8.3 1.0 7.8 4.0 

15-20 0.1 7.8 3.2 0.0 4.4 1.5 

20-25 0.0 4.2 1.3 0.0 2.2 0.6 

>25 0.0 3.9 1.1 0.0 2.0 0.5 
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Fig. 5 Rainy days of different precipitation classes in the SRYR during the period 1961—2014. Dashed lines 
indicate linear trends. 


3.3 Percentages of rainy days in different precipitation classes 


Table 2 and Figure 6 present the percentages of rainy days in the total rainy days for each 
precipitation class. In the SRYR, the most typical rain events observed are light rain events (0-5 
and 5—10 mm) accounting for 82.6% and 10.6%, respectively. Precipitation 10-15 mm occurred 
regularly throughout the study period, and was observed at least once every year. Moderate and 
heavy rain events having daily precipitation >15 mm were found to be irregular in the study area. 
Explicitly, events of no rain were 10%, 32%, and 44% for the studied years in 15—20, 20-25, and 
>25 mm classes, respectively. Therefore, in enlightenment of the above results the light rain events 
are not only the frequent events but also contribute to most of the percentage of rainy days. 
However, moderate and heavy rain events occur irregularly and contribute a small percentage of 
the rainy days. 


3.4 Precipitation amounts in different precipitation classes 


In the SRYR, the maximum average annual precipitation (652.1 mm) was found in 1981 and the 
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Fig. 6 Percent of rainy days of different precipitation classes in the SRYR during the period 1961-2014 


minimum (431.5 mm) in 2002. Precipitation amount of light rain (0—5 and 5—10 mm) contributed 
to 32.7% and 28.4% of the annual precipitation, respectively. And moderate and heavy rain 
accounted for 33.1% and 5.7% of the annual precipitation, respectively (Table 1). The time series 
of annual precipitation amount for each precipitation class defined in this study and their trends 
are presented in Figure 7. The magnitude and trend significance for each precipitation class are as 
follows: (1) 0-5 mm: —0.70 mm/decade (P>0.05); (2) 5-10 mm: +3.00 mm/decade (P>0.05); (3) 
10-15 mm: +0.50 mm/decade (P>0.05); (4) 15-20 mm: —0.40 mm/decade (P>0.05); (5) 20-25 
mm: +0.07 mm/decade (P>0.05); (6) >25 mm: —0.90 mm/decade (P>0.05). 


3.5 Relationship between total precipitation amount and the wet days 


In order to understand the rainfall condition over the region, we studied relationship between total 
precipitation amount and the wet days. Total precipitation amount and wet days have 
non-significant increasing trend in the SRYR during the studied period. The variation patterns in 
total precipitation amount and wet days were quite similar, indicating that high rainfall amount is 
the consequence of large number of wet days. For example, high precipitation amounts in the 
years 1967, 1989, and 2005 correspond to the largest number of wet days (Fig. 8a). Moreover, a 
good correlation between wet days and total precipitation amounts were also observed (Fig. 8b). 


3.6 Contribution of each precipitation class to the monthly precipitation 


If one precipitation class occurred every years of the studied period in a certain month, then the 
probability of the precipitation class occurs in that particular month is 100%. Similarly, the 
probability is 50% if this situation happened in a certain month in half of the studied years. 
Meanwhile, contribution of a precipitation class in a certain month is the average of the 
accumulated precipitation of a particular precipitation class to the total monthly precipitation. 

The probability of different precipitation classes occurring in each month during the period 
1961-2014 is presented in Table 3. Precipitation events having daily precipitation of 0-5, 5—10, 


201804.02343v1 


chinaXiv 


ChinaXiv@ ERAT! 


JOURNAL OF ARID LAND 


and 10-15 mm occurred in every month and its probability to occur in months from April to 
October is much higher than in the other months. Precipitation events having daily precipitation 
of 15-20 and 20-25 mm occurred from April to November, and that of >25 mm from May to 
October, and their probabilities to occur are higher in months from June to September than in the 
other months. 
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Fig. 7 Precipitation amounts of different precipitation classes in the SRYR during the period 1961-2014. Lines 
indicate linear trends. 
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Fig.8 Time series of the total precipitation amount and rainy days (a), and the relationship between precipitation 
amounts and rainy days (b) in the SRYR during the period 1961-2014 


The contribution of precipitation of different precipitation classes to the monthly precipitation 
of each month during the period 1961—2014 is showed in Table 4. The monthly precipitation in 
months from October to April was mainly contributed by 0-5 mm precipitation class; that from 
May to September mainly received from the precipitation class of 5-10 mm. The contributions of 
the other precipitation classes to the monthly precipitation were comparatively low. For example, 
the precipitation classes of 15-20 and 20-25, and >25 mm had no contribution to the monthly 
precipitation for the months from December to March, and from November to April, respectively. 
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Table 3 Probability of different precipitation classes occurring in each month during the period 1961-2014 


Probability of precipitation class (%) 


Month 
0-5 mm 5-10 mm 10-15 mm 15-20 mm 20-25 mm >25 mm 

January 67.2 3.8 0.2 0.0 0.0 0.0 
February 78.9 7.8 0.8 0.0 0.0 0.0 
March 91.9 29.1 3.2 0.0 0.0 0.0 
April 96.8 58.9 18.4 4.5 1.0 0.0 
May 100.0 91.8 55.7 26.0 TT 5.0 
June 100.0 96.1 78.7 45.0 19.4 14.3 
July 100.0 97.1 84.2 56.1 33.1 30.3 
August 99.0 94.4 77.8 52.2 29.7 30.8 
September 100.0 96.2 70.8 35.2 20.7 17.4 
October 98.4 71.6 30.3 10.8 3:5 2.2 
November 71.7 13.0 1.9 0.7 0.3 0.0 
December 47.2 1.8 0.3 0.0 0.0 0.0 


Table 4 Contribution of different precipitation classes to monthly precipitation of each month during the period 
1961-2014 


Contribution of precipitation class (%) 


Month 
0-5 mm 5-10 mm 10-15 mm 15-20 mm 20-25 mm >25 mm 
January 90.6 8.6 0.8 0.0 0.0 0.0 
February 86.9 11.5 1.6 0.0 0.0 0.0 
March 76.9 19.7 3.4 0.0 0.0 0.0 
April 56.8 30.0 9.8 2.5 0.9 0.0 
May 35.0 35.1 16.8 8.4 2.6 2.2 
June 24.2 30.4 23.1 11.5 5.3 5.5 
July 19.0 26.4 21.3 13.4 8.2 11.7 
August 18.3 26.6 19.7 14.1 8.7 12.5 
September 25.0 32.1 20.8 9.6 5.8 6.7 
October 44.8 32.9 13.8 5.5 1.8 1.2 
November 74.1 19.7 3.5 1.9 0.8 0.0 
December 90.8 6.1 3.2 0.0 0.0 0.0 


3.7 Persistence of precipitation event 


In the SRYR, precipitation events do not occur for most of the days in a year. Most of the 
precipitation occurs as showers and over successive days. Persistent precipitation event lasts for 1 
or 2 d were defined as short-duration precipitation events and that for more than 2 d as 
long-duration precipitation events. The definitions of short- and long-duration precipitation events 
were used to examine the persistence of precipitation events (Gong et al., 2004). During the 
period 1961-2014, the frequency of short-duration precipitation events presented an apparent 
significant increasing trend (P<0.05) at the rate of 0.87 times/decade (Fig. 9a). The frequency of 
long-duration precipitation events showed a slightly non-significant increasing trend at the rate of 
0.06 times/decade (Fig. 9b). 


3.8 Frequency of dry spell 


In the SRYR, precipitation can be used for vegetation-ecosystem and hydrological restoration. 
Prolonged no precipitation periods will lead to vegetation degradation, wetlands reductions, and 
ecosystem stress. Periods without rain for <10 d were defined as short drought, and >10 d as long 
drought. The frequencies of these two kinds of droughts were determined during the period 
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1961-2014. The changes in the frequency of short droughts showed significant (P<0.05) 
increasing trend at the rate of 0.93 times/decade (Fig. 10a), while that of long droughts showed 
slightly non-significant decreasing trend at the rate of 0.02 times/decade (Fig. 10b). 
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Fig. 9 Changes in the daily precipitation persistence in the SRYR during the period 1961—2014. (a) Number of 
short-duration precipitation events and (b) number of long-duration precipitation events. Dashed lines indicate 
linear trends. 


$ 55 y=0.0926x-143.85 Z y= —0.0015x+8.4437 
2?) (a) R=0.1545 2 8) (b) R°=0.0009 
> 50 P<0.05 a P>0.05 
5 5 
245 eD 
2 £ 6 
% 40 Ss 
g 35 7 
2 30 2 
=o £ 
A Z 
N © a ado oS ga N\ oœ S O AN 
FGI GF GF PI PS 


Fig. 10 Changes in the frequency of dry spells in the SRYR during the period 1961—2014. (a) Numbers of short 
dry spells (<10 days) and (b) numbers of long dry spells (>10 days). Dashed lines indicate linear trends. 


4 Discussion 


An increasing non-significant trend in annual precipitation was found for the SRYR from 1961 to 
2014 in this study. The result is consistent with the trend revealed by Li et al. (2016) for the 
SRYR from 1960 to 2013. However, the magnitude of the trend found in this study is 1.6 
mm/decade, while that of previous study was 3.6 mm/decade. Moreover, the change rate of 
seasonal total precipitation found in this study were also consistent, except the increasing rate in 
summer was smaller and the decreasing rate in autumn was larger than those found by Li et al. 
(2016). This may be the reason why the less increasing rate of annual precipitation was found in 
this study. The non-significant increasing trend of annual precipitation was found in the SRYR, 
however, the rainy days (daily precipitation >0.1 mm) decreased significantly at the rate of 11.3 
days/decade during the period 1961—2014 at the confidence level of 99.9%. It implies that the 
increase of intensity of daily precipitation could be the reason for the increasing annual 
precipitation amount. In addition, a good positive relationship between total precipitation amount 
and wet days was found. This further infers a strong evidence for the increase of rainfall intensity 
which also could be the reason for the increase in precipitation amount. Moreover, Dougherty et 
al. (1996) found that the increase in the occurrence of usable rain may have a positive effect on 
hydrological and ecological restoration. The number of 1—2-day precipitation events increased 
significantly at 95% confidence level, and that of >2-day precipitation events increased 
insignificantly, although the rainy days decreased significantly. The short droughts not more than 
10 days increased, while the long droughts showed a slight decreasing trend implying that the 
duration of rainfall events reduced during the study period. 

The average number of rainy days (daily precipitation >0.1 mm) in a year is 205 days, and that 
of light rain is 169.3 and 21.5 days for 0-5 and 5-10 mm, respectively. Such a result indicates 
that the light precipitation class comprises 93% of the total rainy days from which 0-5 mm class 
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contribute 83% of the total rainy days. The 0-5, 5-10, 10-15 mm rain events occurred regularly 
every year during the period 1961—2014, suggesting that these precipitation events are the most 
important ones in the SRYR. The changes in these classes can have significant impacts over the 
environment of the SRYR, particularly, that of the light rain due to its higher contribution to the 
total rainy days. A significant decreasing trend (—11.3 days/decade) in small rainfall events for 
0-5 mm precipitation class can have an effect on grasslands. It implies that grasslands will reduce 
due to the decreasing trend of the rainy days of 0-5 mm precipitation events as described 
elsewhere (Petrie et al., 2015). A non-significant increasing trend of 3 days/decade was found for 
the 5-10 mm precipitation events; other precipitation classes had weak and non-significant 
changes in the rainy days during the period 1961—2014 (Fig. 5). However, the amount of 5-10, 
10-15 and 20-25 mm precipitation events increased insignificantly at the rate of 3.0, 0.5, and 
0.07 mm/decade, respectively (Fig. 7), inferring that the intensity of these precipitation events 
might increase slightly. These precipitation events can move nutrients and water into the root 
zone of vegetation or through plant-microbe interactions (Petrie et al., 2015), which might have a 
positive effect on vegetation relying on deep soil water. The decreasing trends in rainy days and 
amount of heavy rain also imply that the risk of floods in the SRYR is decreasing. 

In the months from May to September, every class of rainfall events has a high occurrence 
probability and contributes more to the total rainfall amount as compared to the other months. In 
the months from October to next April, 0-5, 5-10, and 10-15 mm precipitation events are the 
main events, and the total precipitation amount in these months are contributed by these 
precipitation events, not by 15-20, 20-25, and >25 mm precipitation events. Thus, the annual 
precipitation amount concentrates in months from May to September when every class of 
precipitation events occurs. The time distribution of precipitation events in arid areas where the 
irrigation supply is often limited is important for the vegetation relying on precipitation. In such 
areas, reliable precipitation becomes vital for the ecosystem and vegetation production. 

Frequency and magnitude of precipitation are the main factors for arid and semi-arid ecosystem 
processes (Fay et al., 2000; Heisler-White et al., 2008). Small precipitation events are the most 
frequent events in the SRYR, and precipitation events with daily precipitation 0-5 mm/day 
contribute to the largest percentage (83%) of precipitation events in the SRYR and occur every 
month. These small precipitation events up-regulate the photosynthesis in plant (Sala and 
Lauenroth, 1982) and controls the water balance processes in arid and semi-arid ecosystem. 
Under the warm climate, in the region where potential evaporation rate is higher than annual 
precipitation, the time of precipitation-derived soil moisture can be reduced, though total 
precipitation amount remains stable (Petrie et al., 2012). Although soil moisture derived from 
small precipitation events may be proportionally less influenced by increasing evaporation than 
that derived from large rain events (Lauenroth and Bradford, 2012), it can result in lower the 
average soil moisture availability which has important effect on the key components of arid-land 
ecosystems such as biotic soil crust (Belnap et al., 2005). Ecosystem metabolism (Lauenroth and 
Bradford, 2012) and nutrient mobilization (Ivans et al., 2003) which are moisture-dependent 
processes may be constrained by future evaporative demand. Thence, biotic soil crust may 
provide less water and nutrition to plants, and grassland degradation and desertification could be 
the consequences. In the SRYR, the significant decreasing of precipitation events <5 mm/day may 
impact the degradation of regional ecosystem. Both the frequencies of the short duration events 
(P<0.05) and long duration ones (P>0.05) showed increasing trends during the period 1961—2014 
(Fig. 9). Additionally, the frequency of short droughts showed the increasing trend 
(non-significant), while that of long droughts showed slightly decreasing trend (non-significant). 
Such results have benefits for agriculture due to the increased persistent precipitation events and 
decreased long drought events. 

Moreover, in this study, from the spatial distribution of precipitation amount and rainy days, it 
was found that the trends and slopes have significant variations among stations. Therefore, the 
spatial characteristics of precipitation variables and their impacts on the eco-environment are 
crucial and need to be future addressed in the future researches. 
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5 Conclusions 


This study was carried out using the precipitation data of typically located meteorological stations 
from 1961 to 2014. Precipitation classes were divided into light rain (0-5 and 5-10 mm), 
moderate rain (10-15, 15-20 and 20-25 mm), and heavy rain (>25 mm). The temporal 
characteristics of annual, monthly, and seasonal precipitation were discussed first, and then that 
of the rainy days of each precipitation class. The important conclusions are as follows: A strong 
positive relationship between annual precipitation and wet days implies that the increase of daily 
precipitation intensity is the main reason for the increase of annual precipitation. More persistent 
precipitation events and less long drought events highlight that the climate play positive role to 
upgrade the vegetation of the region. The more pronounced events of 0-5 mm class can have 
huge impact on the grasslands productivity. A significant decreasing trend in the 0-5 mm 
precipitation events was found, which may hinder the vegetative growth and present challenges to 
desertification prevention in this area. The increasing trends of 5-10, 10-15, and 20-25 mm 
amount have a positive effect on vegetation relying on deep soil water, since these events can 
move nutrients and water into the root zone of vegetation or through plant-microbe interactions. 
Meanwhile, the decreased rainy days and amount of heavy rain >25 mm infers the less risk of 
floods in the SRYR. We believe that small rainfall events especially those up to 5 mm/day play 
positive roles in the upper layer of soil to stimulate the ecosystem metabolism and nutrient 
mobilization. In a scenario of the SRYR where the light rainfall events are decreasing, sprinkler 
technology or artificial rain can be the supplement to the decreased small rainfall events. 
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